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Due to global climate change fears, increasing levels of carbon dioxide in the atmosphere, and 
economic considerations, there is an interest in developing biological renewable alternatives for 
fossil fuels.  Of particular interest in the United States, due to domestic production limits, is the 
development of technologies that can displace fossil fuels for internal combustion engine 
applications.   Some popular proposed alternatives include ethanol and gasoline blended fuels, 
plant based oils blended with or substituted for diesel fuel, waste vegetable oil in diesel engines, 
and synthetic gas or “syngas” for internal combustion engines.  Some promising research 
studying these options has been initiated in the University of Wisconsin Stout Integrated 
Technology Laboratory.  The research program calls for undergraduate student discovery and 
design activities, utilizing a project based learning approach.  In this paper several projects that 
connect undergraduate research and faculty scholarship are presented. 
In recent years there has been increased focus on research that develops and evaluates fossil fuel 
alternatives for internal combustion (IC) engines.  This is due in part to the belief that burning 
once inexpensive and plentiful fossil fuels, releases carbon dioxide (CO2) stored by plants many 
years ago into the atmosphere.  Evidence suggests that the release of CO2 contributes to global 
climate change or global warming.  The concerns of global warming include melting of glacial 
ice caps near the north and south poles which may lead to increased sea levels and significant 
human peril, especially in costal settlements.  In the Integrated Technology Laboratory at the 
University of Wisconsin Stout, we have developed an undergraduate student based research 
program to develop and report performance of various biomass based alternatives to fossil fuels 
for use in IC engines.  The research program is especially of interest to Engineering Technology 
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(ET) faculty as it combine undergraduate project based learning with applied research, conducted 
primarily within the framework of an undergraduate course. 
Instructional Design: a Model for Student Research Linked with Faculty Scholarship 
Project based learning has been the topic of many research papers in the technical education field 
for the past 20+ years.  Consistent themes for project based learning include allowing the 
students to choose a topic of interest to them on a personal level, student team work, solving a 
contemporary problem, independent research into a design based problem, development of an 
artifact to convey a unique solution, reflection and revision,  and public presentation of the 
project. 
1,2
  We have integrated these themes into a host of projects focused on alternative 
biomass based fuels for IC engine operation.  Further we have taken this concept to a research 
level by organizing and advising the projects so as to facilitate a contribution to the field of 
study.  In our ET program there are several concentrations including Mechanical Design, 
Production Operations, Plastics, Facilities, Nano-technology, and Electrical.  This paper focuses 
on a course taken primarily by our Mechanical Design students.  The course is somewhat unique 
in that students are charged with the development and/or continuation of a major prototype build 
project instead of the more typical textbook, homework, and exam format course.  Within the 
project based format, an opportunity for faculty-undergraduate student research was born.   
The course format calls for development of student teams of 2-7 students, which are assigned a 
very career like task of reviewing prior students work on a major development project, 
identifying opportunities for continued development and or improvement of the project 
prototype.  The students are allowed to self-select which of several projects to work on and they 
are also allowed to propose which features and issues they wish to address in the semester.  The 
course requires following a formal project format with steps that include: development of a 
proposal that defines the problem to be addressed, planning sequential tasks to be completed 
along with a Gantt chart format timeline, generation of at least three alternative solutions, a 
formal decision process that builds a defense/justification for the chosen concept, detailing the 
apparatus to be constructed, development of a bill of materials following a university 
procurement process, construction and experimental verification of performance of the 
apparatus, and reporting their findings and recommendations in both oral and written formats.  
Care has been taken in the design of the course to insure that all major aspects of project based 
learning are present.  While student teams execute their development efforts on a variety of 
projects, all students work toward common learning outcomes.  The outcomes for the course 
include execution of formal problem solving, documentation of research and development 
process, project planning and management, physical construction and/or experimentation with a 
prototype system, documentation of results, reflection on improvements, and forming 
recommendations for future teams on the project. 
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To facilitate these concepts and remain within tight budgets, we often utilize donated and surplus 
equipment to form a foundation of hardware systems.  Additional equipment is purchased as 
needed to permit advancement of the projects each semester.  The course has a meeting schedule 
that includes two, two hour laboratory sessions per week and one hour per week of lecture.  The 
lecture session is used for introducing industry processes used for project management, research 
and development, reporting, and presentation.  The lab sessions are used to permit the student 
teams to develop designs, plans, and implementations.  We also offer open laboratory sessions 
for 6 continuous hours, to permit more laboratory time for project work. 
Example Projects 
The alternative energy projects started with a donated 1980’s vintage motorcycle and the concept 
to develop an environmentally friendly alternative energy power source for this vehicle.  A first 
student team proposed the development of a compressed air energy storage system to provide 
propulsion for the vehicle.
3
  The project was approved by the author, but only for exploration via 
conversion of a small scale (2HP) IC engine to compressed air operation.  The converted engine 
was then evaluated by the student team to measure torque and velocity output with the use of an 
engine dynamometer.  The pneumatic engine performance was then compared to a similar small 
engine operating on gasoline per the OEM design to provide a relative comparison in 
performance.  The student team was successful in achieving conversion and operation of the 
small engine on an air power source, but the performance comparison showed the air to be far 
inferior and not suitable for further development. 
Ethanol-Gasoline Blended Fuels Project 
In the following semester, another student team proposed an evaluation of ethanol – gasoline 
mixtures as a way to reduce dependence on fossil fuels and yet achieve performance closer to 
that expected of the original product.
4
   
The measurement of various performance outcomes and emissions for gasoline-ethanol blended 
fuels has been given significant attention in the research literature.  For example Srinivasan and 
Saravanan
5
, study combustion characteristics and emissions, Szybist, et.al
6
 report on the effects 
of variable compression ratio and ethanol blended fuels, Kheiralla, et. al.
7
 have investigated fuel 
properties for ethanol blends, Nazzal
8
 has conducted experiments with E-12 (12% ethanol) 
blended fuel. Waytulonis, Kittelson, and Zarling
9
 investigated the effects of E-20 for small off 
road engines.  Tantawy and Farid
10
  report on comparisons of engine performance  and emissions 
with gasoline, E-15 and natural gas, showing superior output performance of E-15.  There are 
many more reports of performance investigations that can be cited. 
Because of the research interest and the suitability of the project for undergraduate student study, 
the project was approved using the small scale (2HP) engines for comparative analysis.  The 
student team researched methods and performed calibration of the dynamometer which is able to 
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apply and measure shaft torque and record shaft speed. The team also designed and produced a 
shaft coupling that permitted connection of the available engine to the dynamometer.   After the 
apparatus was assembled as shown in figure 1, the team performed a series of experiments to 
measure engine output for pure ethanol blend, E-85, and pure gasoline.  The results are in the 
form of Horsepower output and shaft torque vs. rpm curves given in figures 2-3. 
 
Figure 1- 2 HP Engine and Dynamometer used for Ethanol Blend Experiment 
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Figure 3 - Shaft Torque per Engine Speed 
The experimentation performed by this student team also measured fuel consumption under no 
load for the three fuel blends under evaluation.  As it is well known that ethanol contains less 
energy per unit mass than traditional gasoline, it was not surprising that the team found fuel 
consumption for pure ethanol to be 22.6% more than gasoline.  Hence in this project, we were 
able to provide a contribution to the field, while integrating undergraduate student research 
experience. 
Plant Oils and Diesel Project 
Another student team had proposed a different biomass based fuel for diesel engines as a 
substitute for pure petroleum products typically used in transportation.  For this project a 
partnership was formed with another faculty member that had interest and contacts to provide 
various plant based oils that have been reported to be useable in diesel (compression ignition) 
engines.  As the lab did not have any diesel engines at the time, a first project was approved for 
which the student team would research commercially available diesel engines that would be 
suitable for the motorcycle operation, specify and purchase the selected engine, design and 
implement auxiliary systems for starting, fuel delivery, and exhaust.
11
  Prior use of biodiesel 
alternative fuels often utilize an operation sequence that includes initial starting of the engine 
with petroleum based fuel, and switching to operation on the plant based fuel after the engine has 
reached steady state operation temperature.  This process allows waste engine heat to be used to 
pre-warm the alternative fuel and reduce the viscosity.  In order to evaluate what temperature the 
alternative fuel should be raised to, a separate experiment was designed and executed to measure 
viscosities of alternative fuels at various temperatures.  It was targeted to raise the alternative 
fuel’s viscosity to approximate that of traditional petroleum based diesel fuel.  This team was 
able to complete an evaluation of the temperature and achieve engine operation utilizing waste 
vegetable oil (WVO) as the alternative fuel, before the semester’s end.  Using a lab constructed 
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approximately 200C to achieve comparable viscosity with traditional petroleum based diesel.  
The WVO was heated to this temperature before used for engine operation. 
In the following semester, another student team selected to work on continuation of this 
project.
12
   The approach taken here was to evaluate the viscosity of various blends of petroleum 
based diesel mixed with several pure plant oils and WVO at lower temperatures, expected to 
approach the lowest temperature operating conditions of the engine in practical use.  Under this 
approach a fuel switching mechanism was not needed and reliance of petroleum fuels is still 
reduced.  The mixes were evaluated for stability over temperatures that may be as low expected 
for motorcycle cool early morning start up by storing the mixes in a traditional household freezer 
for 48 hours. Upon removal the fuels blends were visually evaluated for viscosity, separation, 
and formation of wax like solids.  Waste vegetable oil, coconut oil and sunflower oil were used 
as the biomass fuels.  Partial results of the low temperature stability experiment are illustrated in 
figure 4.  As the dynamometer sized appropriately for this study was inoperable during this 
semester, the engine performance using these fuel mixes was reported by observed idle 
characteristics.  The diesel engine operation observations are summarized in table 1. 
 
 
Figure 4a - 80% Coconut Oil      Figure 4b – 80% Sunflower Oil Figure 4c – 80% WVO 
Figure 4 – Illustrative Observations of Low Temperature Fuel Blends 
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Fuel Type Fuel used (ml) Idle RPM Ideal running sound
Diesel 30 1240 Normal
WVO 20% 25 1330 Normal
WVO 40% 40 1330 Normal
WVO 50% 25 1330 Normal
WVO 60% 20 1320 Hard
WVO 80% 50 1310 Hard/Cuts out
COCO 20% 15 1320 Normal
COCO 40% 25 1330 Normal
COCO 50% 35 1320 Rough
COCO 60% 30 1330 Hard
COCO 80% 30 1320 Hard
Sunflower 20% 35 1320 Normal
Sunflower 40% 40 1330 Normal
Sunflower 50% 40 1330 Hard
Sunflower 60% 35 1330 Hard/Knocking
Sunflower 80% 20 1310 Hard/Knocking  
Table 1 Observed Idle Operation Characteristics 
In the current semester, a new team of students are continuing this investigation with various fuel 
blends.  The current team is planning to further quantify the fuel properties at various 
temperatures by measuring viscosities and gel points, as well as attempting to quantify engine 
power output with promising mixtures. 
 
Wood Gas Project 
Wood gasification is a technology that was employed in Europe during World War II to permit 
vehicle operation in the absence of petroleum based fuels.  The process calls for burning of wood 
(waste) products in a controlled reduced oxygen environment.  The output from this burning is a 
gas that contains combustible constituents in concentrations high enough to support IC engine 
operation.  
This alternative fuel has also received some recent attention in the published literature.  
Papagiannakis, et.al.
13
 develop a mathematical model to predict various IC engine performance 
and emission measures along with experimental verification.  Kohn, et.al.
14
 report on the 
performance of IC engines operating on landfill gas and syngas addition.  Shay, et.al.
15
 
demonstrates a report of successful operation of a home size electric generator powered by an IC 
engine running on syngas fuel.  Abrams
16
 reports that wood gas has recently been used for 
successful operation of motor vehicles. 
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A student research project investigating the feasibility of this technology was also completed 
within this course.
17
  The project began with background research into various gasifier designs 
that have been employed in the past.  After a thorough review, a published design was selected 
for construction.
18
  The student team recommended and was approved for some modifications of 
the published design, establishing a sense of ownership by the team.  The project included 
acquisition and fabrication of all components, leading to the construction of a complete wood 
gasification, cooling, and filtration system.  The system is shown in figure 5. This system was 
then fired on several occasions under various fuel types and fuel-air mixtures, until the prototype 
system was able to produce flammable output gas near the end of the term.  Output gas that 
flares is a good indicator that it contains enough energy content to operate an internal 
combustion engine.   
 
Figure 5 – Wood Gas Apparatus 
While these results are preliminary, they have provided motivation to continue pursuit of this 
technology.  It is intended that this hardware will be used for further modifications, 
improvements, and experimentation with combustible gas production, leading toward operation 
and performance testing of IC engines utilizing the wood gas product.   
In the current semester, a new team of students have capitalized on the previous work by first 
studying the processes used by the previous team, modifying the airflow system to increase 
temperatures in the combustion chamber, and have achieved gas capable of sustaining a flare 
within the first few weeks.  Their work will continue to progress this research to develop system 
operation parameters and design improvements, allowing improved combustion control to 
reliably produce high quality wood gas. 
Conclusion 
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In this paper a program for linking faculty research and undergraduate student work has been 
presented.  We have outlined some example projects that address the global need to reduce 
reliance on fossil fuels.  Involvement of undergraduate students in research is a worthy 
investment in faculty effort and provides a solid contribution to both student outcomes and can 
lead to an incremental contribution to the body of knowledge in the field.  Problems that can be 
continued from one student group to another are one essential element of a successful 
undergraduate student and faculty based research program. 
In forming this this research program some issues that differ from traditional graduate student – 
faculty research have surfaced.  Undergraduate students are able to devote much less time to a 
project before they move on to other experiences.  Typically master’s students will spend 
approximately one year’s worth of effort toward a research program.  Doctoral students may 
invest 3 or more years into a research program before they graduate.  Undergraduate students 
may only devote 40-50 hours toward a project in a single semester.  This time difference requires 
a different approach to defining the problem and expectations for results in an undergraduate 
based research program.  The project must be defined in a manner that permits one student group 
to resume progress with minimal “learning the field” time investment.  In order to achieve this 
result we have found that requiring students to carefully document their decisions, rationale, and 
process is essential.  This also serves to better equip the students for life in industry as these 
detailed documentation skills are often needed.  Another difference in approach is that the 
expectations for how much contribution can be achieved by a single undergraduate student team 
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